Models of competition for the market with endogenous market structures show that, contrary to the Arrow view, an endogenous entry threat induces the average firm to invest less in R&D and the incumbent leader to invest more. We test these predictions using a unique dataset for the German manufacturing sector (the Mannheim Innovation Panel). In line with our predictions, endogenous entry threats as perceived by the firms (in survey data) reduce R&D intensity for an average firm, but they increase it for an incumbent leader. These results hold after a number of robustness tests with instrumental variable regressions.
INTRODUCTION
There is a lot of debate on the role of market leaders in investing in R&D and promoting technological progress. A commonly held view is that firms invest more in a more competitive market where the entry pressure is stronger, and incumbents tend to be less innovative than their followers, so that the persistence of their dominance is typically the signal of market power and of the lack of entry pressure. This view is often associated with Arrow (1962) , who has shown that incumbents have lower incentives to invest in R&D than outsiders, and that in case of free entry in competition for the market they do not invest at all, leaving innovative activity to the outsiders. We adopt a Schumpeterian perspective and challenge this view from both a theoretical and an empirical perspective, showing under which conditions incumbent leaders do invest more than other firms, and providing empirical evidence in support of our thesis.
There are few competing explanations for innovation by incumbents in Schumpeterian models. The simplest one, due to Segerstrom (2007) , relies on the fact that incumbents may have a technological advantage in the R&D activity. This assumption may be realistic in certain sectors and allows one to study monopoly persistence, but it is basically equivalent to assuming the solution of the Arrow paradox rather than solving it. 1 Acemoglu (2009, ch. 14) and Acemoglu and Cao (2010) have proposed a different rationale for innovation by incumbents. This may be due to the fact that only incumbents can invest in incremental innovations (because outsiders would infringe their patents through small improvements), while entrants invest in more radical innovations. In such a way, both incumbents and outsiders invest, and growth depends on their rates of investment. This is a plausible mechanism, but it explains why incumbents may invest in small improvements of their own technologies, which is a trivial activity, and not why they may directly compete against outsiders to obtain radical innovations, which is the key issue.
The alternative explanation for innovation by incumbents that we embrace in this work does not rely on technological advantages or exogenous market structures, but is based on a pure strategic advantage of the incumbents in patent races with endogenous market structures. Gilbert and Newbery (1982) were the first to show that in a deterministic contest (an auction for patents), an incumbent finds it profitable to invest just enough to deter any investment by any outsider. However, this is not necessarily the case in the presence of a more realistic contest under uncertainty with barriers to entry. We show that in such a contest, an incumbent leader does not usually deter entry, but always finds it profitable to invest more than any outsider as long as entry is endogenous. The model is in the tradition of the recent works on endogenous market structures and market leadership, 2 and shows the crucial role of entry pressure on the different behaviour of leaders and followers. First, we show that an increase in the number of investors reduces profitability and therefore the investment of each firm: therefore the endogenous entry threat tends to reduce the R&D intensity of each firm. Moreover, in a symmetric contest, an incumbent monopolist has lower incentives to invest in R&D because in case of innovation it replaces itself: this is the Arrow effect, which leads to zero investment by the incumbent in case of endogenous entry. Then we show that the outcome changes radically when the incumbent is also the leader of the contest for the innovation, which is often reasonable because of its strategic advantage in the market. The incumbent leader exploits its first mover advantage to invest more than the other firms. The intuition has to do with the impact of its investment on entry: a small investment attracts large entry and makes it likely that another firm will replace the incumbent, while a commitment to a large investment has the double advantage of reducing entry and increasing the chances of an innovation. 3 We also show that these theoretical results are robust to different model specifications; in particular, they hold in general patent races (see Etro, 2004 Etro, , 2008 and in models of preliminary investment in cost reducing R&D as a strategic commitment for the competition in the market (see Etro 2006) . 4 We bring to the data the two basic predictions of our theoretical investigations: the R&D intensity of the average firm is lower when there is an endogenous entry threat, and the R&D intensity of the incumbent leader is larger than that of the average firm when there is an endogenous entry threat. 5 We test these hypotheses through a Tobit model for R&D intensity. Our empirical investigation is based on a unique dataset on the German manufacturing sector, the Mannheim Innovation Survey from 2005 conducted by the Centre for European Economic Research (ZEW), which includes a wide number of firmlevel data with a special focus on innovation. The main problem in testing hypotheses concerning market structures is that the definitions of markets, their leaders and entry conditions are usually based on statistical indexes (for instance on market concentration and dominance) with limited explanatory power, or on discretionary evaluations by external observers (for instance on who is the leader in the relevant market). A novel aspect of our empirical approach is the fact that the same firms provide a subjective view on the market in which they operate and its leadership, on the entry conditions and on the key determinants of R&D intensity. Rather than determining arbitrarily the size and composition of a market, assigning a degree of entry intensity in a discretionary way and assigning a status of leadership on the basis of possibly arbitrary assumptions, using the survey results we allow the firms to identify the size of their main market, the existence of an endogenous threat of entry in the market and the identity of the leader in the market. We also perform robustness tests concerning the potential reverse causality between R&D and entry threats using IV regressions and a number of exogeneity tests. Our main predictions are strongly supported by the empirical evidence: entry pressure reduces the average investment per firm, but incumbent leaders invest more than other firms when there is the pressure of a strong threat of entry.
These results can be interpreted as a first attempt to test the main predictions of the endogenous market structures approach, which analyses the role of firms in markets where entry is endogenous. In this case, the behaviour of incumbent leaders is radically different depending on the entry conditions, and the conclusions of the cited approach appear to be confirmed empirically. At a policy level, the results suggest also that we may have to change our way of looking at persistent dominance in technologically advanced markets: this may be the result of strong competitive pressures rather than of market power, at least in those markets in which there are no barriers to innovation for the outsiders.
The article is organized as follows: Section I describes the theoretical model and derives the empirical prediction, Section II provides the empirical evidence and Section III concludes.
I. A MODEL OF R&D INVESTMENT
The aim of this section is to provide theoretical motivation for our testable predictions. With this purpose in mind, we first develop the simplest model that leads to our main results, and then sketch other theoretical frameworks that support the same predictions.
Let us consider a simple contest between n firms to obtain a drastic innovation that provides a flow of profits V for the winner and generates no gains for the losers.
6 Each contestant i bears fixed costs F and invests a fraction of its revenues in R&D. The cost of investment is assumed to be an increasing and convex function of the R&D/sales ratio z i ∈ [0,1], and is normalized to generate a probability of innovation z i . More precisely, we assume that the cost of the R&D activity is quadratic, that is, dz 2 i =2, where the constant d parametrizes the marginal cost of investing in R&D. 7 We can think of the fixed cost as the investment necessary to be engaged in R&D activity (e.g. build a laboratory), and of the rate of investment as related to the variable cost (e.g. allocating researchers and capital to the laboratory). To focus on interesting cases, we assume F < d/2 and V 2 ð ffiffiffiffiffiffiffiffi 2dF p ; dÞ: these assumptions guarantee that at least one firm invests a part of its revenues in R&D.
If multiple firms innovate at the same time, then competition in the market drives their profits to zero, therefore the contest has a winner only in the case of a single innovator. Summing up, the expected profit function of a generic contestant i is
where the first term is the expected gain from innovating, and the second term is the cost of the R&D investment. The probability of winning the contest for firm i is the probability of innovating z i multiplied by the probability that no other firm (including the incumbent) innovates, ∏ j6 ¼i (1Àz j ). With this probability, the contestant obtains the award V.
Entry in the contest
In this subsection we evaluate the impact of entry on the investment level of each firm engaged in the contest in a symmetric Nash equilibrium. Let us start from the case in which the number of firms n is exogenous. The first-order condition for the investment of each firm can be written as follows in a symmetric equilibrium:
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Notice that a monopolist would invest z = V/d < 1 under our regularity assumptions. Total differentiation of the equilibrium condition provides
More firms imply a lower rate of investment for each firm (though aggregate investment may increase, of course). Moreover, the rate of investment of each firm is increasing in the value of the innovation V and decreasing in the marginal cost of the investment (in d).
Since entry reduces the expected gross profits, 8 we can immediately characterize the endogenous market structure. Firms enter until the following zero profit condition holds:
Combining (1) with (2) and solving for z, when the number of firms is high enough to dissipate all profits, the investment of each entrant is
If we substitute this equilibrium investment in (2), take logs and solve for n, then we obtain the endogenous number of firms:
To exclude the case of a natural monopoly and insure that n ≥ 2, we adopt the addi-
The endogenous market structure depends on technological conditions and on the value of the innovation. First, an increase in the value of the innovation V, which may be due to stronger intellectual property rights or a larger market size, increases the number of investors, even if this happens in a less than proportional way-see (3) . The reason is that a larger gain from innovating attracts more firms but strengthens rivalry between them so as to reduce the rate of future entry. At the same time, notice that the investment of each firm is now independent of the size of the innovation: total R&D in the market increases through an increase in the number of investors only. Second, an increase in the fixed cost F reduces entry, which in turn allows a smaller number of firms to invest more and expect larger gross revenues to cover the larger fixed costs. 9 Finally, a larger marginal cost of the R&D investment d has a negative impact on the investment of each firm. We can think of the marginal cost of investment as an inverse function of the human resources of the firm: a larger pool of workers reduces the marginal cost of research and therefore corresponds to a lower d. AccordEconomica © 2013 The London School of Economics and Political Science 120 ECONOMICA [JANUARY ingly, the equilibrium investment is increasing in the size of the firm's labour force and is increasing in a less than proportional way.
For our purposes, it is important to summarize the reaction of the rate of investment z when the number of firms increases from one to the maximum number of firms that is consistent with non-negative profits, that is, the endogenous number of firms: R&D investment decreases with entry and is minimal with endogenous entry. Finally, one can show that the equilibrium tends to be associated with excess entry and a suboptimal rate of investment; in particular, if the social value of the innovation is the same as its private value V, then the optimal allocation of resources requires a lower number of firms investing more (relative to the equilibrium).
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The role of incumbents
We now study innovation in markets where there is an incumbent firm that is the current monopolist in the market (for instance because of a patent on the existing leading technology). This incumbent maintains its profits p > 0 in case no one innovates. Therefore the expected profits of the incumbent are
where the index I stands for incumbent. The profits of the outsiders remain the same as before. As noticed by Arrow (1962) , the incentives of the incumbent to invest are lower than for the outsiders. To verify this, we will consider a Nash equilibrium in the choice of R&D investment between the incumbent and the outsiders, distinguishing between the case with no entry pressure, that is, with a fixed number of outsiders, and the case with endogenous entry pressure. First, assume no entry pressure. With a fixed number of outsiders n, the equilibrium first-order conditions for the incumbent and the outsiders are
which provides z I < z: outsiders always invest more than the incumbent as long as p > 0. This leads also to lower profits from the contest for the incumbent compared to the outsiders. Now consider endogenous entry pressure. Under free entry, the number of firms increases until the expected profits of the outsiders are zero. As a consequence, the incumbent is better off withdrawing from the contest and invests zero: this is the traditional Arrow (1962) effect in action.
The role of incumbent leaders
When the incumbent has a first mover advantage and can choose its investment before the entry of the outsiders (i.e. is an incumbent leader), the incentives to invest are radically changed. We will now examine this case, first when the number of outsiders is exogenous, and then when it is endogenous. Economica 
© 2013 The London School of Economics and Political Science
No entry pressure Consider a Stackelberg equilibrium between an incumbent and a fixed number of outsiders n. In this case, there would be two effects to determine the size of the investment of the incumbent leader. On one side, the Arrow effect would lead to a lower investment compared to the followers because the incumbent leader would have less to gain from innovating. On the other side, we would have a Stackelberg effect, which works in the opposite direction in this framework characterized by strategic substitutability. In general, incumbent leaders may invest more, less or approximately the same as the outsiders in markets where the number of firms is given. Nevertheless, as long as p is high enough, the first effect would prevail and the incumbent leader would invest less than the average follower. For instance, with d = 1 and n = 2, in case of interior solutions, we have
where the index IL stands for incumbent leader. The Arrow effect prevails on the Stackelberg effect whenever p > V 3 /(1 À V).
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Endogenous entry pressure
Now let us consider a Stackelberg game with endogenous entry where the incumbent is leader in the choice of its investment z IL . Then entry occurs, and finally all the outsiders simultaneously choose their investment. Let us start from the last stage to characterize the equilibrium investment of the outsiders for a given number n and a given investment by the incumbent z IL . The first-order conditions can be written as follows in a symmetric equilibrium:
Again, R&D investment per firm is a decreasing function of the number of firms. In the second stage, firms enter until the following zero profit condition holds:
Combining these two equations, the rate of investment of each entrant becomes
which is exactly the same as before: the presence of a leader does not affect what the other active firms do. If we substitute this equilibrium investment in (4), take logs and solve for n, we obtain the endogenous number of outsiders as a function of the investment of the incumbent:
Clearly this number is at least 2 if z IL is small enough. More precisely, since n(
Notice that in case of small fixed costs, say close to zero, the equilibrium rate of investment (5) is close to 0, and the entry deterring rate of investment is close to 1: in such a case, entry deterrence is a very costly strategy. In this case, R&D intensity is still reduced by entry.
We now turn to the behaviour of the incumbent leader in the first stage. As long as the investment of the leader z IL is small enough to allow entry of some followers, each one of the followers invests as in (5), and the number of firms is given by (6). The incumbent leader can choose z IL 2 ð0; 1 À ffiffiffiffiffiffiffiffi 2dF p =VÞ to maximize the expected profits:
given the above equilibrium expressions for z and n(z IL ). In particular, solving (4) for
, and substituting in the expected profits of the incumbent leader, we have
Evaluating the derivative with respect to z IL at z IL = z, we obtain
which shows that it is always optimal for the incumbent leader to increase the rate of investment beyond that of the followers. However, the optimal strategy may be an interior solution or a corner solution. The first-order condition for an interior solution is
and the second-order condition is satisfied only for z IL < 1/3. For a sufficiently small fixed cost, entry deterrence is too costly and the interior solution characterizes the equilibrium: the smallest root of this cubic equation provides the equilibrium investment of the incumbent leader. Therefore when the fixed cost of entry is small enough, the incumbent leader does not deter entry, but invests more than any outsider. Contrary to the entry deterrence rationale for innovation by leaders advanced by Gilbert and Newbery (1982) , 12 here both leaders and outsiders invest in R&D, but leaders invest more. Of course, when the fixed entry cost is high enough, entry deterrence can be optimal. In particular, when F is large enough and/or V is small enough, the expected profits are always increasing in the investment of the leader in the relevant range, and we have a corner solution such that no outsider enters. The entry-deterring investment of the incumbent leader is
which is larger than z under our assumption
Þ. Therefore in all cases the incumbent leader invests more than any outsider.
When the incumbent monopolist is the leader in the competition for the innovation, the Arrow effect disappears, because the choice of the monopolist is independent of the current profits. 13 Notice that the entry deterring rate of investment of the leader is increasing in the expected flow of profits V (more expected profits require a larger investment to deter entry of the outsiders). Moreover, the investment is still decreasing in d, and is now decreasing in the fixed cost of entry of the other firms (which reduces the investment needed to deter entry). The intuition for the larger investment of the incumbent leader has to do with the impact of its investment on entry: a small investment attracts large entry and makes it likely that another firm will replace the incumbent, while a commitment to a large investment has the double advantage of reducing entry and reducing the chances of an innovation by others.
The interest of this result emerges when we compare it to the case in which the incumbent has no first mover advantage. In such a case, the standard Arrow effect leads to the opposite result: the incumbent does not invest at all, and only the outsiders invest and possibly innovate. Summing up, there are two conditions under which a firm always invests more than others in R&D: (1) this firm is the incumbent leader; (2) there is an endogenous entry threat in the market.
The main empirical predictions of our simple contest are not model-specific, and they can be found in other general models of investment in R&D. To convince the reader of this, we will briefly provide a couple of examples.
A general patent race
A wide literature on R&D investments (started by Dasgupta and Stiglitz 1980) 14 has studied patent races where the rate of investment z i generates innovations according to a Poisson process with an arrival rate given by a function h(z i ) eventually exhibiting decreasing returns to scale, so that the expected value of innovating for an average firm is h(z i )V/ [r + ∑h(z j )], where r is the interest rate. In such a case, one can verify that entry always reduces the investment of the average firm (this is due to strategic substitutability), and Etro (2004 Etro ( , 2008 has shown that when entry is endogenous, the incumbent leader always invests more than any other single firm. In case of linear variable costs of investment dz i , the first-order conditions for the rate of investment of the average firm z and of the incumbent leader z IL , and the endogenous entry condition, lead to the following equilibrium equations (Etro 2008) : 
Strategic investment in R&D
Similar results have been developed in models of R&D spending as a strategic investment preliminary to the competition in the market. In these models, R&D spending per firm is typically decreasing with the number of firms because more competition reduces profits and sales, which reduces the incentives to invest: this confirms our earlier results on the negative relation between entry and investment. Moreover, the investment of the incumbent leaders can be radically different according to whether or not entry is endogenous.
In models of competition in prices, Etro (2006) has shown that market leaders should spend less than the other firms in R&D investments in cost reductions when the number of firms is exogenous, but they should spend more when entry is endogenous. Under competition in quantities, the leader would generally spend more than the followers on cost reductions under both entry conditions; nevertheless, also in such a case, an incumbent facing endogenous entry would invest more when it has a first mover advantage, not only in absolute amount but also relative to revenue. To verify the last result, let us briefly consider a model of Cournot competition with inverse demand p = a À X. All firms have a constant marginal cost c except the incumbent, which can invest k in R&D to reduce its marginal cost to cðkÞ ¼ c À ffiffiffiffiffiffiffi ffi k=d p , with d > 1. In a symmetric equilibrium for the choice of investment k and production x I for the incumbent and x for the other firms, one can verify that R&D investment decreases with the number of firms. When entry is endogenous, the equilibrium price is p ¼ c þ ffiffiffi F p , and the incumbent invests k = dF/(2d À 1) 2 and produces
The rate of investment z I = R&D/sales = k/px I can be calculated as follows:
When the incumbent can precommit to an investment in R&D, it will choose a larger investment k = dF/(d À 1) 2 without affecting the equilibrium price, but expanding its own production x I ¼ d ffiffiffi F p =ðd À 1Þ and reducing the number of entrants. The equilibrium rate of investment becomes
which satisfies z IL > z I . It is remarkable that this result is now presented in terms of the R&D/sales ratio, which is exactly the dependent variable used in our empirical analysis. More generally, as shown also by Maci and Zigi c (2011) and Kov a c et al. (2010) , the leadership always generates strategic overinvestment in R&D relative to sales when entry is endogenous.
Testable predictions
Our overview of simple and general theoretical models of the incentives to invest in R&D emphasizes two conclusions that appear robust to alternative modelling specifications. They can be summarized as follows.
Economica © 2013 The London School of Economics and Political Science Hypothesis 1. R&D intensity of the average firm decreases with entry and is lower when there is an endogenous entry threat compared to when there is not.
Hypothesis 2. R&D intensity of the incumbent leader is larger than the investment of the average firm when there is an endogenous entry threat.
The first hypothesis suggests a negative relation between the threat of entry perceived by the firms and their rate of investment in R&D, and it derives from the strengthening of competition for the market induced by entry. The second hypothesis is our main interest because it is in radical contrast with the Arrow view of the incumbents as firms investing less than the other firms in R&D. According to our models, these incumbents should invest more than the other firms if they are leaders and face a strong threat of entry pressure.
II. EMPIRICAL TEST
In this section, we perform an empirical test on whether actual firm-level investment data support our hypotheses derived from the theoretical framework.
Data sources
We use data from the Mannheim Innovation Panel (MIP) from the year 2005. This innovation survey has been conducted by the Centre for European Economic Research (ZEW), Mannheim. The ZEW has conducted the survey since 1992, and it represents the German part of the EU-wide harmonized Community Innovation Survey (CIS). It follows the Eurostat/OECD guidelines for collecting innovation data, which are documented in the so-called Oslo Manual (see OECD and Eurostat 1997). Readers not familiar with the survey are referred to the summary reports, e.g. Eurostat (2004 Eurostat ( , 2008 . The MIP data constitute a representative sample of the German manufacturing sector as well as business-related services. For our study, we focus on the manufacturing sector. The dependent variable of our analysis is the R&D intensity in the year 2004 at the firm level. The intensity is defined as RDINT i = R&D i /SALES i 9100.
The most important right-hand side variables are the entry threat and the leadership position. An innovative aspect of our empirical approach is given by the fact that the same firms provide a subjective view on these two factors: rather than assigning a degree [JANUARY of entry intensity in a discretionary way or assigning a status of leadership on the basis of arbitrary variables, we allow the firms to identify the existence of an endogenous threat of entry in the market and the identity of the leader in the market.
The survey asked for several characteristics about the competitive situation in firms' main product markets in the time period 2002-4. In particular, firms were asked to indicate if a list of six statements about the firms competitive environment apply to their situation or not. The response was based on a four-point Likert scale, from 'applies strongly' to 'does not apply at all'. One of those six statements considered entry pressure, and was phrased as follows: 'Position in the market is highly threatened by entry of new competitors'. Thus our variable of entry threat, ENTRY i , is an ordinal variable taking values from 0 to 3, where 3 indicates that the respondent firm strongly agreed with the statement that its market position is highly threatened by entry. When this is the case, we conjecture that entry in the industry where the firm is active can be regarded as endogenous; when the firm does not consider the threat of entry as present in its industry, this is regarded as one with an exogenous number of firms. As found in the theoretical framework (Hypothesis 1), we expect a negative sign of ENTRY i in the regressions for the average R&D intensity.
The theoretical definition of a market leader is associated with a strategic first mover advantage, but a more general definition can be based on the leading strategic position of the firm compared to its main competitors. Therefore our incumbent variable is defined through a question on a firms' position compared to its main competitors. The respondents indicated if their competitors in their main market are larger, smaller, similar size, or larger and smaller than their firm. 15 An incumbent leader in our analysis is identified by an indicator variable LEADER i describing a firm that perceives itself as larger than the competitors in its main product market. The main advantage of this survey information is that the firms themselves identify their relevant market. Therefore it is irrelevant whether the company is only domestically or also internationally active. The companies' managers have to assess their main competitors, whoever they are and wherever they come from. This would not be possible if, for instance, a concentration index or market share data were used, as such information is typically available only at national levels.
While we expect that entry has a negative impact on the investment of each single firm, the theoretical framework shows that leaders choose to invest more than other contestants if their market is threatened by entry (Hypothesis 2). We capture this by an interaction term of leadership and entry (LEADER i 9ENTRY i ).
As outlined in the theoretical model, it is desirable to control for employment and capital requirement. We include firms' employment in t À 1 (EMP i,tÀ1 ) as well as capital intensity (KAPINT i,tÀ1 ) measured as fixed assets divided by employment in the empirical model to account for such impacts on investment decision. For the size of the employment we expect a positive and concave relation on the basis of our theoretical work. Concerning the role of capital intensity, we do not have strong priors on the sign of the coefficient. We also control for the Herfindahl index (HHI) of concentration of the industry where the firm is active (HHI i,tÀ1 ). These data are obtained from the German Monopolies Commission, which biannually publishes the official German industry concentration statistics. 16 The Herfindahl index accounts for domestic market structure. We also use the lagged import ratio at the industry level to control for competitive pressure from abroad (IMPORT i,tÀ1 = imports i,tÀ1 /(imports i,tÀ1 + domestic production i,tÀ1 )).
In addition, we control for some other factors that might influence firms' R&D investment. For example, different corporate governance structures may have an effect on the dependent variable either through the access to capital or through heterogeneity in Economica © 2013 The London School of Economics and Political Science management objectives. We use a dummy variable GROUP i , indicating whether a firm is associated with a group of companies. Such firms might have better access to capital through the parent company and thus may innovate more than stand-alone companies. In addition, we take into account whether the parent company is a foreign enterprise (FOREIGN i ).
Among others, Aghion and Howitt (1992) and Acemoglu and Linn (2004) suggest that efforts to innovate increase with market size. Therefore we also control for the size of the market by using the total sales volume at the three-digit NACE industry level (MAR-KETSIZE i,tÀ1 ). These data were also obtained from the German Monopolies Commission. We use the lag of market size in the regressions to avoid a simultaneity bias.
Finally, we use 14 industry dummies to control for unobserved heterogeneity in investment across industries. The industries are Food, Textiles/Leather, Paper/Wood/ Furniture, Publishing/Printing, Chemicals, Rubber, Glass/Ceramics, Metal Production, Metal Products, Machinery, Electronics, Information & Communication Technology, Instruments/Optics and Vehicles. The list of controls is complemented by state dummies. Germany is divided into 16 states, the 'L€ ander'. As some of those are very small, we aggregated them into 12 different regions. Table 1 shows the descriptive statistics of core variables used in the upcoming regression analysis. In total, our sample consists of 1857 firm-level observations. The average R&D intensity of firms is about 2.3%, and average firm size amounts to 307 employees in the sample. 8% of all firms are classified as incumbent leaders.
Patent stocks, intellectual property rights and unobserved firm heterogeneity
A main determinant of the investment in R&D is the degree of protection of the intellectual property (IP) rights associated with the innovations that each firm can obtain. It is First, we use stock of patents at the firm level. In particular, the differences between firms in the size of the patent portfolio can be associated with the differences in the degree of expected protection of the innovations of the firms, therefore we expect a positive correlation between R&D intensity and the patent stock. Moreover, the introduction of this important control variable allows us to obtain a robustness check that might account for unobserved heterogeneity even in the absence of panel data, as the number of patents taken out in the past should also proxy past R&D efforts.
Our measure of the patent stock at the firm level accounts for all patent applications from 1978 onwards. In particular, we compute the patent stock using the perpetual inventory method for each firm. The survey data has been merged with the database from the German Patent Office, which covers all patents filed at both the German and the European Patent Office since 1978. We follow the common practice in the literature and impose a rate of obsolescence of 15% per year when computing the patent stock (see, for example, Griliches and Mairesse 1984) . Including such a rate of obsolescence implies, quite realistically, that knowledge loses its relevance similarly as capital depreciates over time. The variable PSTOCK is given by
where d = 0.15, and PA it denotes patent applications of firm i in year t. We set the initial patent stock in year 1978 to zero for all firms. Since we use data from 2002-4 in our regressions, the bias arising from a zero starting value will have disappeared due to the included depreciation rate d.
Second, we use a variable reflecting the appropriability conditions in the industry. In the survey, firms were asked to what extent patents are an important tool for protecting intellectual property in their business. We create a dummy variable IPPROTECTION it that takes unit value if the firm rated patents as highly important in their industry. This should capture the appropriability conditions in the firm's main market, and we expect that the estimated coefficient will be positive, that is, it reflects higher incentives for conducting R&D.
Potential reverse causality between R&D and entry threat
In our empirical investigation, we proxy the threat of entry in the market where each firm is active with the perception of the firm as collected in our survey data. This avoids an arbitrary decision on whether a market is characterized by endogenous entry as opposed to being limited to an exogenous number of firms. A possible concern of our approach relies in the independence of our entry variable from the dependent variable, R&D intensity. Reverse causality could affect our results: in principle, it is possible that current R&D leading to a future technological advantage makes firms perceive the entry threat as less severe, while on the other hand, if firms are not research active and neglect the development of new processes and products, entry may appear as a quite realistic threat. To test the possibility of a reverse relationship, we experimented with a number of candidates for instrumental variables as outlined in the following paragraphs.
To find instrumental variables that explain our entry variable but not the R&D intensity variable, we need to look at the key element determining entry pressure, the difference Economica © 2013 The London School of Economics and Political Science between the expected gross profits in the market and the fixed costs of entry. There is a well-developed theoretical and empirical literature on the so-called barriers to entry. The empirical studies on entry barriers address the question of natural barriers, like sunk costs of entry determining scale economies, and on the other side strategic barriers, for instance excess capacity, limit pricing, product differentiation and innovative activity.
It is not simple to find a measure of the fixed costs of entry. Sutton (1998) uses the size of the median plant in an industry as a proxy for minimum efficient scale, and therefore for the size of the costs of entry. In other studies, variants of size measures are used, but most studies rely on observed size as it is very difficult to get information on the minimum efficient size required by the technology used. 17 We have information on total industry sales and the number of firms active in an industry. This information is taken from official statistics and measured at a detailed industry level (NACE three-digit level). 18 The ratio, industry sales per firm is applied as a proxy for minimum efficient scale and enters the regressions as a lagged value (MES tÀ1 ).
Furthermore, we use another proxy for sunk cost of entry that has been suggested by Gschwandtner and Lambson (2012) . This variable is the amount of new capital expenditure (investment) per employee in the industry (denoted by NEWKAP it ). Gschwandtner and Lambson (2012) argue that the higher the new capital by firms in an industry, the higher the (unobserved) sunk costs are to be expected. Thus we would presume a negative relationship between this variable and entry. We compute this measure at the three-digit NACE industry level. We expect this instrument to be relevant and also exogenous in our model, as the expected sunk cost occurring when entering an industry should not depend on an individual firm's R&D efforts.
Another factor that can affect profitability and entry is changes in production cost in an industry, as entry decisions are likely to be affected by cost conditions and in particular by recent changes. If, for some reason, cost increases get large and production conditions worsen, prices will in most cases increase, and this in turn leads to lower demand. In such a situation entry is unattractive. Consequently, we consider cost of raw and intermediate materials as a candidate for an instrumental variable explaining entry. As we do not have access to a price indicator at the industry level concerning material input, we compute the statistic below from our sample firms and aggregate it to the industry level. We use the change in material cost spent per employee over time at the industry level. Thus this measure proxies the changes in material cost required per workplace in the production process. The variable at the firm level is computed as
This measure is then averaged at the three-digit NACE industry level. If input relations regarding material and employment remain constant over the two included periods, this is equivalent to changes in material prices. Increasing costs are, of course, expected to discourage entry. Again, we expect that this measure is also exogenous in our model as a firm's R&D efforts should not affect the change in material prices at the industry level.
Econometric analysis
As not all firms invest in R&D, we estimate Tobit models that take account of the left censoring of the dependent variable. The Tobit model to be estimated can be written as 
where RDINT Ã i is the unobserved latent variable. The observed dependent variable is equal to
otherwise.
X i represents the matrix of regressors, b represents the parameters to be estimated, and e i represents the random error term. In our basic specification, X i includes EMP i,tÀ1 , EMP 2 i;tÀ1 , KAPINT i,tÀ1 , LEADER it and ENTRY it , as well as 13 industry dummies. In further models, we add the interaction term LEADER it 9ENTRY it and PSTOCK it to control for further heterogeneity.
We first consider homoscedastic regressions, and subsequently test for heteroscedasticity as coefficient estimates may be inconsistent if the assumption of homoscedasticity is violated in Tobit models. In order to estimate heteroscedastic Tobits, the homoscedastic variance r is replaced with r i ¼ r expðZ 0 i aÞ in the likelihood function (see Greene 2003, pp. 768-9) . We consider groupwise multiplicative heteroscedasticity by using a set of five size dummies (based on employment) and the industry dummies in the heteroscedasticity term. Tables 2 and 3 show the regression results for homoscedastic and heteroscedastic models, respectively. In the homoscedastic Tobit Model I, we find that R&D investment decreases as the threat of entry increases. The leaders' investment does not differ from that of the outsiders. When we add the interaction term of leadership and entry threat (see Model II), however, interesting differences occur. While the leader dummy is still insignificant, we now find that leaders who are faced by potential entry invest more than outsiders.
The results remain robust when we control for prior R&D using the patent stock and also for the appropriability conditions in the industry (Model III). Both the patent stock and the dummy on IP protection are highly significant and positive, confirming that firms receiving stronger protection of IP rights through patents tend to invest more, and firms that (successfully) conducted R&D in the past as reflected by the patent stock will also invest more in the current period. One could also read this result as contradicting the view for which firms with a lot of patents would be less innovative and use their patent portfolio to jeopardize further investments in R&D.
With respect to the other covariates, we find a positive and concave relation with employment, 19 while capital intensity and the Herfindahl index are not significant. The results on corporate governance structure and on imports are mixed. The group dummy is positively significant, which could reflect that firms associated with groups are less financially constrained than stand-alone companies. The dummy indicating foreign parent companies is insignificant. The imports are positively significant, which tells us that firms in industries characterized by high import penetration undertake on average more R&D efforts. Furthermore, there are differences in R&D investment across industries. The industry dummies are always jointly different from zero in the regressions, and our results emphasize a high correlation of R&D spending with firms of the Information & Communication Technology industry. The region dummies also suggest unobserved heterogeneity across states, but these results become insignificant in the heteroscedastic regressions below. The control for market size is always insignificant. Economica © 2013 The London School of Economics and Political Science As Table 3 shows, the assumption of homoscedasticity is rejected for all models (see Wald tests on heteroscedasticity). The industry and firm size dummies are always jointly significant in the variance equation. However, our main results are robust to the model modification. Leaders, in general, are still not investing in R&D differently to the outsiders, and R&D investment is negatively affected by the entry variable. Leaders that suffer from entry threat also invest more than outsiders in the heteroscedastic version. There are no dramatic changes in the estimates of the other covariates. The patent stock is still highly positively significant, and the estimated employment effect remains stable.
To sum up, our findings on entry are in line with our Hypothesis 1, that is, investment decreases with the strength of entry threats. Furthermore, we find that incumbent leaders do not differ in their investment from other firms (LEADER is insignificant), unless they are threatened by endogenous entry. Then the negative investment effect is offset (see the positive sign of the interaction term LEADER i 9ENTRY i ). Thus incumbents invest more than the outsiders under endogenous entry threat. In line with our Hypothesis 2, the competitive pressure of the potential entry of other firms induces the market leaders to invest in R&D more than any other firm. In economic terms, the findings are also highly significant. Calculating the expected value of RDINT i for outsiders under no entry threat yields 20 EðRDINT i jLEADER i ¼ 0; ENTRY i ¼ 0;
where the covariates are taken at the average X i . 21 In contrast, the investment intensity of outsiders under high entry threat only amounts to which corresponds to an about 90% higher investment for the leaders of markets with endogenous entry compared to their followers.
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Results on reverse causality between R&D and entry
In this subsection we verify whether there is a problem of reverse causality for which high R&D intensity of a generic firm induces low entry threat, and vice versa. First, we test if the above mentioned instrumental variables are relevant in the firststage regression of entry on all covariates and the excluded instruments. Table 4 shows the partial F-values for the instrumental variables in the first-stage regression.
Then we test for reverse causality in the second-stage regression following Smith and Blundell (1986) . They introduced a regression-based test that is basically equivalent to the procedure suggested by Hausman (1978 Hausman ( , 1983 for the OLS case. 23 Suppose that our R&D investment equation is given by
where the possibly endogenous regressor y 2 is the entry threat in our case, and the vector x i denotes the other regressors. Then we write the reduced form equation for y 2 as
where z 0 i contains the vector x and the other instrumental variables described above. Once we estimate (7) and obtainv i , we can estimate our R&D equation including the generated residuals from the first-stage regression using Tobit as The usual t-statistic ofq is a valid test on the endogeneity of y 2 . If it is not rejected that q ¼ 0, we do not find that y i2 is explained y Ã i1 . Table 4 reports the IV relevance tests from the first-stage regression (partial F-statistics), and the Smith-Blundell test on endogeneity of ENTRY (where endogeneity here is in the econometric sense) based on the heteroscedastic regressions of Model I (the homoscedastic version led to the same conclusions). Staiger and Stock (1997) emphasized that the first-stage significance levels of the instrumental variables may be misleading, as they do not necessarily exclude a weak instrument problem, which would lead to considerable bias in IV regressions. Instead of interpreting the significance level, they argue-as rule of thumb-that the partial F-statistic should be around 10 in the case of a single endogenous regressor, to confidently rule out weak instruments. As can be seen in Table 4 , all F-values are around 10, and consequently we should not be concerned about a weak instrument bias.
Furthermore, we test whether the instrumental variables are uncorrelated with the error term in our structural equation. Only if we are confident of having no weak instrument problem, and the instruments are not correlated with the error term in the R&D equation, we can rely on our IV results. As we estimate Tobit models, we use the AmemiyaLee-Newey minimum v 2 statistic to test for the exogeneity of our instruments.
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As a final step, we test for endogeneity of ENTRY using the Smith-Blundell test. As the results in Table 4 show, the exogeneity of ENTRY with respect to R&D investment is not rejected. The corresponding regression results for the first stage of the IV procedure are shown in Table A2 in the Appendix.
In summary, we found relevant instrumental variables, but the potential reverse causality has been rejected by the tests. Given these results, we conclude that the results as presented in Table 3 still hold, and that our two main hypothesis are thus confirmed: R&D investment decreases with larger entry threats in general, but leaders invest more into R&D when threatened by entry.
In addition to the feedback effect from R&D to entry, some readers may be concerned about the feedback from R&D to our variable LEADER. We simply checked if past R&D intensity (which we have for a subsample of about 1000 companies) determines our leadership variable to a certain extent. For this, we simply regressed LEADER on past R&D intensity, past sales and industry dummies. It turns out that past sales, and thus past firm size, dominate the relationship. There is no additional effect of past R&D beyond firm size.
III. CONCLUSIONS
Who does invest in R&D? This paper has provided theoretical and empirical motivations for a relatively surprising answer to this question: market leaders do invest in R&D more than other firms when they are under the competitive pressure of endogenous entrants, while they appear to invest as the other firms in markets with barriers to entry. The immediate consequence is that under endogenous entry, incumbents are more likely to innovate and therefore to persist in their leading position, while incumbents that do not face entry pressure tend to be less innovative (and therefore tend to be replaced). This result suggests that we may have to change our way of looking at persistent dominance in a technologically advanced market: this may be the result of strong competitive pressures.
A novel aspect of our empirical approach is given by the fact that the same firms provide a subjective view on our key determinants of R&D intensity, the entry pressure and the leadership. Rather than determining arbitrarily the size and composition of a market, Economica © 2013 The London School of Economics and Political Science assigning a degree of entry intensity in a discretionary way and assigning a status of leadership on the basis of predetermined variables, using the questionnaire of the Mannheim Innovation Panel, we allow the firms to identify the size of their main market, the existence of an endogenous threat of entry in the market and the identity of the leader in the market.
Our empirical approach can be seen as a first attempt to test the predictions of the endogenous market structures approach and could be applied to other empirical implications, for instance, on on the role of leaders in pricing strategies, preliminary investment decisions (capacity building or advertising), contractual strategies (such as vertical contracts, bundling decisions, incentives contracts for managers and workers), financial decisions, and so on. exogenous probability of entry (or an endogenous probability that a single rival may replace its leadership). Under endogenous entry of outsiders, their incumbent would not invest as usual as a consequence of the Arrow effect (and the escape competition effect would disappear as well). 4. As noticed by a referee, the empirical results provide evidence for a more general class of theories, namely those based on endogenous market structures, in which market leaders behave differently from the other firms, always in an aggressive way. Here we focus on R&D, but one can see this as a first attempt to test the recent models of endogenous market structures. 5. Aghion et al. (2009) provide additional empirical evidence on the impact of entry on incumbents' investments. For an alternative empirical investigation of the same result, see Adams and Clemmons (2008) . 6. One can think of the strength of intellectual property rights protection and of the importance of patents as the determinants of the expected prize V. The assumption of a drastic innovation is not crucial for our results, as in the model of Gilbert and Newbery (1982) , which considers a contest with certainty (basically an auction for a patent) and ignores risk in the R&D investment. See Etro (2004, Sec. 2.2) on the case of non-drastic innovations in patent races with uncertainty. 7. The assumption of quadratic costs could be replaced with any convex cost function without altering the nature of the following results. Its role is only to provide closed forms solutions at least for the equilibria with endogenous market structure. 8. Indeed, Π i = dz 2 /2ÀF, where z is decreasing in n, and z?0 for n?∞. Notice also that the probability that someone innovates is Pr(Inn) = 1À(1Àz) n = 1 À z(1 À z)d/V. 9. When the fixed costs tend to zero, each firm tends to invest an infinitesimal amount, but the number of firms grows unboundedly; this reproduces a perfectly competitive outcome where the innovation is obtained for sure, since Pr(Inn) = 1 À (1 À z) n ?1. 10. Measuring welfare as Pr(Inn)V À ndz 2 /2 À nF, the optimal investment rule is the same as in (1), but the first-order condition for the optimal number of firms is log 1 1 À z ð1 À zÞ n V ¼ dz
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